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It has been suggested that Madurese has eight surface vowels [a, ɛ, ə, ɔ, ɤ, i, ɨ, u], but there have 
been disagreements with regard to the number of its vowel phonemes. The disagreements arise 
partly because some scholars base their analyses of Madurese vowels on phonetic grounds while 
others base them on certain phonological analyses. Besides, some researchers do not consider 
native versus non-native Madurese words in their analyses. The paper addresses these problems 
by incorporating both phonetic and phonological analyses in order to provide a better description 
of Madurese vowels. To achieve this, we investigated the acoustic realisations of the eight surface 
vowels by looking at the first and second formant frequencies (F1 and F2) of the high and non-
high vowel pairs (i ~ ɛ, ɨ ~ ə, ɤ ~ a, u ~ ɔ). Fifteen speakers of Madurese were recorded reading 
Madurese words put in a carrier phrase. All segmentations were done employing Praat, and F1 
and F2 values were extracted using a Praat script. The data were assessed with a linear mixed-
effects model accounting for variation due to both random and fixed factors. The results showed 
that all high and non-high vowel pairs significantly differed in their F1 values. However, the 
results for F2 values showed variations; only the pair [ɨ ~ ə] showed a significant difference at 
vowel onset and at vowel midpoint the pairs [i ~ ɛ] and [ɨ ~ ə] were significantly different. 
Furthermore, we also looked at the vowels [ɤ] and [ɨ] as well as [ɤ] and [ə] to see if they differed 
in their F1 and F2 values. Our results confirmed that at both vowel onset and midpoint, they were 
significantly different. The results were discussed employing phonological analysis and vowel 
dispersion theory. The result of the analyses suggests that Madurese should be best described as 
a language with a four-vowel system and further offers a solution to the disagreements on the 
number of vowel phonemes in Madurese 
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Most previous work agrees that Madurese has eight 
surface vowel qualities, but researchers differ as to 
the number of vowel phonemes it has. Such 
differences may partly arise because some 
researchers base their distinction of Madurese vowels 
purely on sounds as found in lexical items while some 
others probably base the vowel distinction on a 
particular phonological analysis of the language. The 
disagreements also result from the fact that some 
researchers do not distinguish between native vowels 
of Madurese and non-native ones that are found in 
some loanwords.   
As shown in Table 1, Madurese vowels can be 
grouped into two sets: high vowels [i, ɨ, ɤ, u] and non-
high vowels [ɛ, ə, a, ɔ] (Stevens, 1968, 1980, 1991). 
Stevens (1968, p. 18) predicts that about 95% of the 
Madurese lexical items in his corpus use these eight 
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surface vowels. He considers the non-high vowels as 
the underlying vowels because they occur in word-
initial position, a position which is considered neutral 
to the conditioning phonological context and hence a 
position which is not occupied by the high vowels 
(Stevens, 1980; 1991, pp. 359–360).  
 
Table 1 
Madurese Surface Vowels (Stevens, 1980; Cohn & 
Lockwood, 1994) 
 Front Central Back 





ɛ ə ɔ 
 
Low  a  
 
A quite different view with regard to vowel 
phonemes and their alternations in Madurese is 
proposed by Anderson (1991). She claims that the 
‘default’ vowels in this language consist of three non-
high vowels /ɛ, a, ɔ/ which surface as [ɛ, a, ɔ] and [i, 
ʌ, u] and that there is no distinction between ə and ɨ. 
Following Kiliaan (1897), Anderson argues that the 
vowel /ə/ does not alternate and hence it can occur 
after voiced and voiceless aspirated stops. It is also 
important to note that Anderson uses the IPA symbol 
[ʌ] instead of [ɤ]. In contrast, Davies (2010, pp. 36-
37) argues that Madurese has six phonemic vowels, 
namely /ɛ/, /ɔ/, /a/, /ə/, /i/, /u/. Unlike Stevens, Davies 
includes /i/ and /u/ in the Madurese vowel inventory 
arguing that they are also found in word-initial 
position. He shows that these two vowels are 
particularly found in Madurese loanwords such as 
[imigrasi] ‘immigration’ and [uɟiɤn] ‘exam’.  
In addition, researchers use different symbols in 
particular for the vowel [ɤ]. The IPA symbol [ɤ] was 
first used by Stevens (1980) and this is then followed 
by other researchers such as Trigo (1991), Cohn 
(1993a, 1993b), Davies (2010), Misnadin (2012), 
Misnadin et al. (2015) and recently Misnadin and 
Kirby (2020). However, Davies (2010, pp. 19-20) 
notices that the Madurese vowel symbolised with [ɤ] 
is in fact a mid-close central unrounded vowel, which 
is normally transcribed using the IPA symbol [ɘ], 
whereas [ɤ] is the IPA symbol for a mid-close back 
unrounded vowel instead. Davies (2010) continues 
using the symbol [ɤ] to conform to the tradition of 
previous researchers including Stevens (1980), Cohn 
(1993a, 1993b), and Cohn and Lockwood (1994). In 
addition, the latest Madurese dictionary written by 
Pawitra (2009) uses a low central vowel [ɐ] for his 
phonetic transcription. 
The differences discussed above suggest that 
the phonetic and phonological status of Madurese 
vowels requires further research. A part from this, 
previous instrumental studies on Madurese (e.g. 
Cohn, 1993a; Cohn 1993b; Cohn & Lockwood 1994) 
only involved one or two speakers of Madurese and 
we address this problem by recruiting a relatively 
large number of speakers as the data collected would 
be more representative for statistical analysis 
purposes.  
 Thus, the goal of the study was to investigate 
the acoustic realisations of the eight surface vowels 
by looking at the first and second formant frequencies 
(F1 and F2) of the high and non-high vowel pairs, i.e. 
[i ~ ɛ, ɨ ~ ə, ɤ ~ a, u ~ ɔ] (Table 2 provides some 
examples of the vowel alternations in Madurese 
words). The results of these analyses can provide a 
more definitive description for each of the vowel pair 
of high and non-high vowels, i.e. how they look like 
in the vowel space. Furthermore, they will provide an 
answer to the question whether the three central 
vowels, i.e. [ɨ, ə, ɤ], which impressionistically sound 
relatively similar, can in fact be distinguished by their 
F1 and F2 values. This is important since scholars 
have some disagreement about the phonetic and 
phonological status of these Madurese vowels in 
particular (Anderson, 1991; Cohn, 1993a; Davies, 
2010; Stevens, 1968). More importantly, the results 
can provide a solid description on how the vowel 
system of Madurese should be best described in light 
of this acoustic data. 
 
Table 2 
Examples of Non-High and High Vowel Alternations in Madurese 
Vowel Word Gloss Word Gloss Word Gloss 
ɛ ~ i pɛlak ‘kind’ pʰipʰit ‘seed’ bilɤh ‘when’ 
a ~ ɤ  pateʔ ‘dog’ pʰɤta ‘brick’ bɤɟɤ ‘time’ 
ɔ ~ u pɔcʰur ‘lucky’ pʰuta ‘giant’ buta ‘blind’ 
ə ~ ɨ pəlːɔ ‘sweat’ pʰɨlːis ‘upset’ bɨsːɛh ‘iron’ 
 
METHOD 
Fifteen native speakers of Madurese (eight males, 
seven females) participated in this study. They came 
from Bangkalan, Sampang, Pamekasan and 
Sumenep. Besides Madurese, they also spoke 
Indonesian and learnt English at school or university. 
However, they predominantly used Madurese in their 
daily lives. The participants were recorded in a quiet 
room using Marantz PMD661 audio recorder with a 
Shure SM10A microphone. They were instructed to 
read 188 disyllabic words embedded in a carrier 
phrase. They were asked to read them in three 
random repetitions as fluently and naturally as 
possible with declarative intonation.  
The results of the recordings were then 
segmented and coded manually using Praat Version 
6.0.54 (Boersma & Weenink, 2019) focusing on the 
measurements of the first two formant frequencies, 
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i.e. the first formant (F1) and the second formant 
(F2). F1 and F2 values were extracted using a Praat 
script which was modified when necessary to fit the 
purpose. The results of the F1 and F2 measurements 
were analysed with a linear mixed effects model, 
using the lme4 package (Bates et al., 2015) for R (R 
Core Team, 2015). To obtain p-values and perform 
post-hoc tests, the lmeans package (Lenth, 2016) was 
employed. In this case, a fixed effect was regarded 
significant at α = 0.05.  
 
 
FINDINGS AND DISCUSSION 
This section presents the findings and discussion and 
is structured in the following manner. Firstly, we look 
at the descriptive statistics for the overall 
measurement results on F1 and F2 values of the 
vowels under study. Secondly, using a fixed-effects 
model, we try to discover whether there are 
significant differences in F1 and F2 values between 
the high and non-high vowels as well as between the 
three central vowels at both vowel onset and vowel 
midpoint. Thirdly, we further discuss the 
implications of the findings on the Madurese vowel 
system. That is, based on the acoustic evidence and 
guided by its phonology, we propose how the 
Madurese vowel system should be better described. 
In addition, we also discuss it based on vowel 
dispersion theory.  
 
Descriptive statistics on F1 and F2 
Figure 1 shows the acoustic space of the eight surface 
vowels of Madurese and illustrates in particular the 
differences between the pairs of high and non-high 
vowels (i ~ ɛ, ɨ ~ ə, ɤ ~ a, u ~ ɔ) pooled across 
speakers, places of articulation and repetitions. The 
data came from female and male speakers plotted 
separately and F1 and F2 were sampled over the 
course of the vowels. The vertical axis stands for the 
first formant frequency while the horizontal axis 
represents the second formant frequency. All the 
values have been normalised using z-transformation. 
The ellipses indicate one standard deviation away 
from the mean and each ellipse contains 
approximately 68.27% of the data points.  
 
Figure 1 
Distribution of Vowels Averaged over the Vowel Timecourse in a Z-Normalised F1 X F2 Space with Data from 
Female on the Left Panel and Male on the Right Panel (the arrows indicate the pair of non-high and high vowels.) 
 
 
As shown in Figure 1, there are several 
instances of overlap in the F1 and F2 values in some 
vowels for both male and female speakers. For 
example, considerable overlaps in F1 and F2 values 
can be seen in the central vowels [ə], [ɨ] and [ɤ] in 
word-initial syllable such as in kella [kəl:a] ‘boil’, 
ghâllâ' [kʰɨl:ɤʔ] ‘earlier’, and bâllu' [bɤl:ʊʔ] ‘eight’ 
respectively, particularly for female speakers, and 
they considerably overlap in the vowels [ə] and [ɤ] 
for both genders. Furthermore, if we look at 
individual speakers, we will also observe a lot of 
variations. For example, some of the ranges of 
variation can be seen in Figure 2, displaying the 
vowel plots of two speakers (UH, a female speaker 
and KA, a male speaker). These two speakers behave 
quite differently in the way they produce their central 
vowels in particular. The central vowels for UH are 
all overlapping, but KA appears to keep the central 
vowels relatively separated from each other.   
With regard to high and non-high vowel pairs, 
the F1 for the non-high member of each vowel pair is 
consistently higher than for the high member, 
although the difference in magnitude between [ə] and 
[ɨ] is less than for the other three vowel pairs. With 
respect to the F2 values for high and non-high 
vowels, it appears there is also some variation. It is 
obvious that the F2 value for the vowel [i] looks 
higher than the vowel [ɛ] and the F2 value for the 
vowel [ɨ] is also higher than the vowel [ə], suggesting 
that the high vowels in these pairs are more fronted 
than the non-high vowels.  
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Figure 2 
Distribution of Vowels Averaged over the Vowel Timecourse in a Z-Normalised F1 X F2 Space with Data from UH 




However, this does not seem to be really the 
case for the other two vowel pairs in which case we 
see that the F2 values for the vowel pairs [ɤ ~ a] and 
[u ~ ɔ] look very similar. Thus, some variations are 
also observed in the F2 values between the high and 
non-high vowels pairs, particularly between [i ~ ɛ] 
and [ɨ ~ ə]. However, such variations do not look to 
be as dramatic as those in the F1 values.   
 
Model comparison for F1 and F2 
In order to estimate the differences in F1 and F2 
values for high and non-high vowels in Madurese, we 
compared the following linear-mixed effects models:  
 
f1a: zF1 ~ Vowel + (1 | Speaker) + (1 | Word) 
f1b: zF1 ~ Vowel + (1 + Vowel | Speaker) + (1 | Word) 
f1c: zF1 ~ Vowel + Place + (1 + Vowel | Speaker) + (1 | Word) 
f1d: zF1 ~ Vowel + Place + (1 + Vowel + Place | Speaker) + (1 | Word)i 
 
The result of the log-likelihood ratio test in 
Table 3 shows that the model f1d is the maximal 
model justified by our data. This model includes 
Vowel and Place as fixed effects and as random 
effects it includes by-speaker and by-word random 
intercepts as well by-speaker random slopes for 
Vowel and Place. It is important to note that Place 




Log-Likelihood Results for F1 Model Comparison 
 Df AIC BIC logLik Chisq Chi Df Pr(>Chisq) 
f1a 11 3755.9 3832.6 -1866.9    
f1b 46 2375.5 2696.4 -1141.8 1450.37 35 < 2.2e-16*** 
f1c 49 2280 2621.8 -1091 101.51 3 < 2.2e-16*** 
f1d 79 2000.2 2551.3 -921.1 339.79 30 < 2.2e-16*** 
 
Inferential statistics on F1 and F2 at vowel onset 
Figure 3 shows the vowel space of Madurese and 
demonstrates the differences between the pairs of 
high and non-high vowels (i ~ ɛ, ɨ ~ ə, ɤ ~ a, u ~ ɔ). 
F1 and F2 values were pooled across speakers and 
repetitions and were sampled at vowel onset by 
averaging timepoints 1-3.  
Table 4 provides the averaged measurement 
results for the first and the second formant 
frequencies of vowels at vowel onset. The values 
were pooled across places of articulation, speakers 
and repetitions. To compare differences in vowel 
height, we conducted a series of post-hoc pairwise 
comparisons between vowels. First, we present the 
pairwise comparisons between the pair of high and 
non-high vowels. Table 5 reports a subset of those 
comparisons. As seen in Table 5, the results show that 
there is a significant difference in F1 values between 
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Figure 3  
Distribution of Vowels Measured at Onset in a Z-Normalised F1 X F2 Space with Data from Female on the Left 




Mean Frequencies (Hz) and Standard Deviations (in parentheses) for the First and Second Formant Frequencies 
of Vowels Pooled across Places of Articulation, Speakers and Repetitions Sampled at Vowel Onset 
 ə ɨ ɤ a ɛ i ɔ u 








































































Pairwise Comparison of High versus Non-High Vowels for F1 at Onset (P values are adjusted for multiple 
comparisons based on the Tukey method for a family of 8 means.) 
Contrast Estimate Std.Error d.f. t.ratio p-value 
ɛ - i 1.1250 0.1190 9.50 9.451 0.0001 
ɨ - ə 1.1441 0.1231 16.55 9.296 < .0001 
ɤ - a -1.6018 0.1355 25.08 -11.821 < .0001 
ɔ - u 1.6782 0.1096 8.96 15.310 < .0001 
 
The next question that needs to be addressed is 
whether high and non-high vowels also significantly 
differed in terms of their F2 values. To confirm this, 
the same model was used to model F2. As shown in 
Table 6, the only pair for which F2 shows a 
significant difference in F2 at onset is the pair [ɨ] and 
[ə] (p < .0001).  
 
Table 6 
Pairwise Comparison of High versus Non-High Vowels for F2 at Onset (P values are adjusted for multiple 
comparisons based on the Tukey method for a family of 8 means.) 
Contrast Estimate Std.Error d.f. t.ratio p-value 
ɛ - i 0.4423 0.1480 57.69 2.988 0.1092 
ɨ - ə -1.1959 0.1278 27.55 -9.354 < .0001 
ɤ - a -0.1697 0.0908 38.13 -1.869 0.8660 
ɔ - u -0.1751 0.1028 135.94 -1.703 0.9305 
 
 A further interesting question with regard to F1 
and F2 values at vowel onset is whether the vowels 
[ɤ] and [ɨ] in word-initial syllable such as in bhârâ 
[pʰɤrɤ] ‘lung’ and betta [bət:a] ‘resilient’ as well as 
[ɤ] and [ə] in jâgâh [ɟɤɡɤh] ‘guard’ and cegghâ’ 
[cək:ɤʔ] ‘disconnected’ were also significantly 
different from one another. It is important to be borne 
in mind that these vowels do not belong to the pair of 
high and non-high vowels compared previously. The 
reason why it is also important to look at them here 
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is because they are impressionistically very similar. 
This is also evident if we look at the vowel plots in 
Figure 3, in which both the F1 and F2 values of these 
vowels look considerably overlapping. In order to 
assess them, we used the same linear mixed-effects 
model described earlier.  
Table 7 reports the pairwise comparisons from 
the previous model for the central vowel pairs. As 
shown in Table 7 above, the differences in the F1 and 
F2 values for the vowels [ɤ] and [ɨ] and the vowels 
[ɤ] and [ə] are all significant at vowel onset. This 
suggests that those vowels can be distinguished by 
their F1 and F2 values at onset.  
 
Table 7 
Pairwise Comparison of the Central Vowel Pairs for F1 and F2 at Onset (P values are adjusted for multiple 
comparisons based on the Tukey method for a family of 8 means.) 
 Contrast Estimate Std.Error d.f. t.ratio p-value 
F1 
ɤ - ɨ 0.6288 0.0725 4.99 8.674 0.0095 
ɤ - ə 1.7729 0.0995 3.13 17.816 0.0084 
F2 
ɤ - ɨ -0.4122 0.0923 34.34 -4.467 0.0023 
ɤ - ə -1.6081 0.1148 16.27 -14.004 < .0001 
 
Inferential statistics on F1 and F2 at vowel 
midpoint 
Figure 4 shows the acoustic realisations of the eight 
surface vowels in Madurese and displays the 
differences between the high and non-high vowel 
pairs (i ~ ɛ, ɨ ~ ə, ɤ ~ a, u ~ ɔ) at vowel midpoint. F1 
and F2 values were also pooled across speakers, 
places of articulation and repetitions and sampled at 
vowel midpoint by averaging the middle four 
timepoints 5-7. Table 8 shows the averaged 
measurement results for the first and second formant 
frequencies of vowels measured at vowel midpoint. 
The values were pooled across places of articulation, 
speakers, and repetitions. In this regard, the same 
question that also needs to be addressed here is 
whether the high and non-high vowels have 
significantly different F1 values at vowel midpoint. 
 
Figure 4 
Distribution of Vowels Measured at Midpoint in a Z-Normalised F1 X F2 Space with Data from Female on the 
left Panel and Male on the Right Panel (the arrows indicate the pair of non-high and high vowels.)   
 
Table 8 
Mean Frequencies (Hz) and Standard Deviations (in parentheses) for the First and Second Formant Frequencies 
of Vowels Pooled across Places of Articulation, Speakers and Repetitions at Vowel Midpoint. 
 ə ɨ ɤ a ɛ i ɔ u 
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To discover whether there was a significant 
difference in F1 and F2 values between high and non-
high vowels at vowel midpoint, we fitted models as 
shown in Table 2 and conducted a similar series of 
between-vowel post-hoc tests. As seen in Table 9 
above, all high and non-high vowel pairs have 
significantly different F1 values at vowel midpoint.  
 
Table 9 
Table Pairwise Comparison of High versus Non-High Vowels for F1 at Midpoint (P values are adjusted for 
multiple comparisons based on the Tukey method for a family of 8 means.) 
Contrast Estimate Std.Error d.f. t.ratio p-value 
ɛ - i 1.2481 0.1128 12.28 11.060 < .0001 
ɨ - ə 1.2907 0.1206 24.09 10.705 < .0001 
ɤ - a -1.8328 0.1503 37.54 -12.193 < .0001 
ɔ - u 1.7319 0.1042 10.48 16.626 < .0001 
 
The next question that needs to be addressed is 
whether there is a significant difference in F2 values 
between high and non-high vowels at vowel 
midpoint. As shown in Table 10, only the F2 values 
for the pair [i] and [ɛ] and the pair [ɨ] and [ə] are 
significantly different at vowel midpoint.  
Like F1 and F2 values at vowel onset, the same 
question which needs to be asked is whether the 
differences between the F1 and F2 values for the 
vowels [ɤ] and [ɨ] as well as [ɤ] and [ə] are also 
significantly different at vowel midpoint. As shown 
in Table 11, the differences between the F1 and F2 
values for the vowels [ɤ] and [ɨ] and the vowels [ɤ] 
and [ə] are also all statistically significant at vowel 
midpoint. This indicates that each pair of the vowels 
can be differentiated by their F1 and F2 values at 
midpoint position.  
 
Table 10 
Pairwise Comparison of High versus Non-High Vowels for F2 at Midpoint (P values are adjusted for multiple 
comparisons based on the Tukey method for a family of 8 means.) 
Contrast Estimate Std.Error d.f. t.ratio p-value 
ɛ - i 0.5105 0.1499 64.20 3.404 0.0317 
ɨ - ə -1.3814 0.1355 40.63 -10.193 < .0001 
ɤ - a -0.2368 0.0951 36.24 -2.491 0.3891 
ɔ - u -0.0327 0.1086 172.79 -0.302 1.0000 
 
Table 11 
Pairwise Comparison of the Central Vowel Pairs for F1 and F2 at Midpoint (P values are adjusted for multiple 
comparisons based on the Tukey method for a family of 8 means.) 
 Contrast Estimate Std.Error d.f. t.ratio p-value 
F1 
ɤ - ɨ 0.3706 0.0725 4.54 5.114 0.0417 
ɤ - ə 1.6613 0.1083 3.05 15.341 0.0034 
F2 
ɤ - ɨ -0.3387 0.1005 34.34 -3.369 0.0481 
ɤ - ə -1.7202 0.1227 22.54 -14.015 < .0001 
 
F1 and F2 as a function of Vowel and Voicing 
A number of studies (e.g. (Fischer-Jørgensen, 1968; 
Shimizu, 1996, pp. 61–63) have shown that F1 values 
following voiceless stops are higher than those 
following voiced stops (for discussion on vowel 
quality and consonant voicing for non-native 
speakers of English, see Ryoo (2001) and for voicing 
and vowel raising in Sundanese see Kulikov (2010). 
Since voiced and voiceless aspirated stops in 
Madurese are both followed by high vowels, it is 
possible to examine these vowels as a function of 
voicing to see whether the two stop categories exert 
different effects on F1 and F2. This analysis relates 
to the issue on whether or not voiced and voiceless 
aspirated share acoustic features. That is, if F1 and F2 
following voiced and voiceless aspirated stops are 
not significantly different, it suggests that they share 
the features.  
Figure 5 shows mean F1 and F2 values for high 
vowels following voiced and voiceless aspirated 
stops. As we can see, the F1 values following voiced 
stops tend to be lower than the F1 values following 
voiceless aspirated stops. This particularly seems to 
be the case for the vowels [ɨ], [ɤ] and [u] in word-
initial syllable such as in bhender [pʰɨndɨr] ‘correct’, 
ghâjhâ [kʰɤcʰɤ] ‘elephant’, and bhubhut [pʰupʰut] 
‘pregnant’ respectively but not for the vowel [i] such 
as in ghighir [kʰikʰir] ‘scold’ and ghibâ [kʰibɤ] 
‘bring’. The F2 values for vowels following voiced 
stops look higher than those after voiceless aspirated 
stops. Again, this is only apparent for the vowels [ɨ], 
[ɤ] and [u] while the vowel [i] shows no such a 
tendency. However, as expected based on the plots in 
Figure 5 in which the F1 and the F2 values for voiced 
and voiceless aspirated stops overlap considerably, 
none of the terms reached statistical significance. 
 
Implication of results for F1 and F2 on Madurese 
Vowels   
We have examined the first and second formant 
frequencies of Madurese vowels at vowel onset and 
vowel midpoint by looking at whether the high and 
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non-high vowel pairs show significant differences in 
their F1 and F2 values. Using linear mixed-effects 
models, we have established that all the high and non-
high vowel pairs show significant differences in their 
F1 values at both vowel onset and midpoint. The 
results for F2, however, varied in the following 
manner. At vowel onset, only the pair [ɨ ~ ə] turns out 
to show a significant difference in F2 values and at 
vowel midpoint the vowel pairs [i ~ ɛ] and [ɨ ~ ə] 
show significant differences. Furthermore, we have 
also looked at the vowels which do not form a pair of 
high and non-high vowels but impressionistically 
sound similar, i.e. the vowels [ɤ] and [ɨ] and the 
vowels [ɤ] and [ə], to see whether they also differ in 
their F1 and F2 values. We have confirmed that at 
both vowel onset and midpoint the F1 and F2 values 
for the vowels [ɤ] and [ɨ] and the vowels [ɤ] and [ə] 
turn out to be significantly different.  
 
Figure 5 
Distribution of High Vowels Following Voiced and Voiceless Aspirated Stops Averaged over the Course of the Vowels 
in a Z-Normalised F1 X F2 Space with Data from Female on the Left Panel and Male on the Right Panel. 
 
 
In a nutshell, the pairs of high and non-high 
vowels in Madurese consistently show significant 
differences in their F1 values. On the other hand, F2 
values have been shown to vary with vowel pairs and 
vowel timepoints. What is also interesting here is the 
fact that the vowels [ɤ] and [ə], which are very similar 
impressionistically even though they do not 
constitute a pair of high and non-high vowels, 
demonstrate consistent differences in their F1 and F2 
values at both measurement points.  
As stated earlier, there has been a disagreement 
with respect to the number of vowel phonemes in 
Madurese. The disagreement has arisen partly from 
the fact that some researchers identify and describe 
Madurese vowels on the basis of surface realisations 
rather than based on Madurese phonology. In this 
article, we argue that Madurese is more economically 
described as a language with an underlying four-
vowel system consisting of /ɛ, ə, a, ɔ/. If we also 
consider the vowels i and u as phonemes, this would 
create problems for the account of the vowel 
harmony processes and analysis of the onsets. That 
is, it simplifies the analysis of the consonants but 
complicates that of the vowels (Misnadin, 2017). 
Moreover, it is not clear whether the way the words 
that contain the vowels are pronounced reflect 
Madurese or simply the language from which the 
words in question have been borrowed instead. In this 
case, it would be reasonable to assume that they are 
pronounced in the way Indonesian words are 
pronounced given that many Madurese people also 
speak Indonesian.  
To our observation, native speakers of 
Madurese rarely change Indonesian words to make 
them conform to the consonant-vowel (CV) 
interaction rule, i.e. voiced and voiceless aspirated 
stops are followed by high vowels while voiceless 
unaspirated stops and the other consonants are 
followed by non-high vowels (Table 2) when they 
speak in Madurese (see Misnadin, 2017; Misnadin & 
Kirby, 2020 for further discussion on this). This is 
particularly the case for Indonesian words borrowed 
from foreign languages such as Dutch and English. 
This may be related to the fact that Indonesian is 
considered to be more prestigious compared to 
Madurese because of the status of Indonesian as the 
national language. Thus, if they pronounce 
Indonesian words in the way native Madurese words 
are normally pronounced, they may feel the risk of 
being considered as having a low level of education 
or even worse. This is obvious when we have a look 
again at words which show exceptions to the general 
rule of the CV co-occurrence restriction or vowel 
raising below.  
 
[bal]   ‘ball’  [mɔɡɔʔ]   ‘strike’ 
 [ban]  ‘tyre’  [ɔbat]  ‘medicine’ 
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 [baŋ]   ‘bank’  [pɛnsiun]  ‘retired’ 
 [baŋku]  ‘bench’  [piŋpɔŋ]   ‘Ping-Pong’ 
 [bɛcaʔ]   ‘trishaw’  [pɔlisi]   ‘police’ 
 [bijasa]   ‘usual’  [ranɟaŋ]   ‘bed’ 
 [buku]    ‘book’  [rɔmbɛŋ]   ‘old clothes’ 
 [dasi]  ‘tie’  [rɔmbɔŋan]  ‘group’ 
[dɔktər]  ‘doctor’  [sandal]   ‘sandal’ 
 [dɔmpɛt]  ‘wallet’  [satrika]  ‘iron’ 
 [əmba]   ‘grandparent’ [susu]   ‘milk’ 
 [ɡaŋ]  ‘alley’  [tabraʔ]   ‘hit’ 
 [ɡas]   ‘gasoline’ [taksi]   ‘taxi’ 
[kiblat]  ‘facing Mecca’ [tɔpi]   ‘hat’ 
 [kɔpi]   ‘coffee’  [udur]   ‘hindrance’ 
 
It appears that none of these words are native 
Madurese. However, it turns out that a small number 
of these words also have native Madurese 
counterparts that do conform to the rule, for example 
[bukɔ] ‘joint’ vs. [buku] ‘book’, [bɤn] ‘and’ vs. [ban] 
‘tyre’ and [sɔsɔ] ‘breast’ vs. [susu] ‘milk’. However, 
except the word for ‘breast’, they are not semantically 
related.  
The disagreement with regard to the number of 
vowel phonemes in Madurese partly arises from the 
fact that some authors also include vowels from 
loanwords into Madurese vowel inventory. For 
example, Davies (2010) argues that since [i] and [u] 
can also be found in word-initial position in a number 
of words such as [imigrasi] ‘immigration’ and [uɟiɤn] 
‘exam’, these vowels need to be incorporated into 
Madurese phonemes as well. The question is whether 
it is necessary to include them as phonemes given that 
they are only found in loanwords in that position. In 
fact, there would be a price to pay for including the 
vowels [i] and [u] as phonemes. This is because it 
would be difficult to explain the existence of the two 
vowels on the grounds of the vowel raising rule or the 
CV co-occurrence restriction, making the rule more 
complicated than it needs to be (Misnadin, 2017). 
Therefore, we argue that it would be more 
parsimonious if we simply put the words that contain 
[i] and [u] in word-initial position into exceptions due 
to loanwords rather than categorise them as separate 
phonemes. Again, this needs to be done in this way if 
we prefer maintaining the vowel raising rule across 
the board in Madurese.  
With regard to the vowels [ɨ] and [ə], about 
which previous scholarship has also questioned, we 
can establish that these two vowels are acoustically 
distinct both in terms of their F1 and F2 values. The 
results provide further phonetic evidence of the 
existence of the high vowel [ɨ] along with its non-
high counterpart [ə]. This suggests that the vowel [ɨ] 
does not simply exist for convenience in the sense 
that every non-high vowel must have its high 
counterpart due to vowel height alternation under the 
process of vowel raising and/or lowering. 
Thus, unless we take the phonology of 
Madurese into account particularly on how 
consonants interact with vowels, we may be led to 
conclude that Madurese, for instance, can be 
categorised into a language with a relatively 
symmetric eight-vowel system. Phonetically 
speaking, however, such a conclusion also makes 
sense given that all of the vowels are phonetically 
distinct in the sense that they relatively occupy their 
own vowel space. This is particularly obvious if we 
look at the five peripheral vowels, i.e. [i, ɛ, a, ɔ, u] 
although the three central vowels [ə, ɤ, ɨ] appear to be 
clustered together. Finally, it is also interesting to 
observe that the magnitude of the vowel raising for 
each vowel pair also showed variations. This may 
suggest that the effect of consonantal feature 
spreading, whatever the feature is, depends on 
individual vowels following the consonants. It is 
evident that the highest degree in vowel raising 
occurs to the pairs [a ~ ɤ], [ɛ ~ i] and [ɔ ~ u] 
respectively while the lowest occurs to the pair [ə ~ 
ɨ].  
In addition, there are some interesting aspects 
that we can observe about the vowel system in 
Madurese particularly if we relate the Madurese 
system to vowel dispersion theory proposed by 
Liljencrants and Lindblom (1972). That is, 
considering Madurese only has four underlying 
vowels, the question is why the vowels are not 
dispersed as the theory predicts. Specifically, as we 
argue for a four-vowel system in Madurese, we 
should expect the vowels to include the predicted /i, 
ɛ, a, u/ (Liljencrants & Lindblom, 1972, p. 845). This 
is not the case for Madurese as its vowel system only 
consists of four underlying vowels which are all non-
high, i.e. /ɛ, a, ə, ɔ/. This Madurese system is not 
observed in any four-vowel systems because all 
languages that belong to the four-vowel system 
always include the vowel /i/ as one of their vowel 
phonemes (Becker-Kristal, 2010; Liljencrants & 
Lindblom, 1972). In addition, the clustering together 
of the three central vowels [ə, ɤ, ɨ] in a relatively 
crowded space seems to be inconsistent with one 
important principle of dispersion theory that vowels 
have to be maximally dispersed from one another 
(Liljencrants & Lindblom, 1972).  
It may be that the three Madurese vowels do not 
need to be maximally dispersed for their contrast 
because they have different syllable structures in the 
case of the vowels [ə, ɨ] versus [ɤ], i.e. the former are 
always followed by geminate consonants while the 
latter is not. On the other hand, the vowel [ɨ] is always 
preceded by a voiced or voiceless aspirated stop 
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while the vowel [ə] always goes together with 
voiceless unaspirated stops and the other consonants. 
Thus, we can assume that these non-vocalic aspects 
may also function to maximise the perceptual 




The results of the study have confirmed that overall, 
the eight surface vowels of Madurese, i.e. [i, ɛ, ɨ, ə, ɤ, 
a, u, ɔ], can be distinguished in terms of their F1 and 
F2 values. Even though they have distinct phonetic 
vowel space, they cannot be considered to have 
phonemic status. This becomes obvious when we 
look at the phonological system of the language in 
which the surface vowels in fact derive from four 
underlying vowels, all of which are non-high vowels, 
i.e. /ɛ, ə, a, ɔ/. Another important result of this study 
is the fact that the three central vowels, i.e. [ɨ, ə, ɤ], 
which are impressionistically similar, have distinct 
F1 and F2 values although they do not look well 
separated in the vowel space, as can be seen in the 
figures shown above. However, their distinction is 
probably maximised by the fact that each has distinct 
syllable structure discussed above. Based on these 
analyses, we propose that Madurese has a four-vowel 
system, and this offers a solution to the 
disagreements on the number of its vowel phonemes. 
This system is quite unique if we compare it with a 
number of vowel systems in the world’s languages 
(see Liljencrants and Lindblom (1972). And indeed, 
the Madurese vowel system provides a challenge to 
the theory of vowel dispersion proposed by 
Liljencrants and Lindblom (1972) discussed 
previously. 
There are further possible studies which can be 
pursued on the basis of the present findings. As this 
study does not particularly look at different Madurese 
dialects, it will be interesting to see if different 
dialects may show different acoustic realisations in 
their vowels, hence different vowel systems. In this 
case, Kettig and Winter (2017) provides a 
methodological example that can be consulted to do 
language variation based on gender, generation, and 
race. Other relevant works on this include Jacewicz 
et al. (2011), Alcorn et al. (2020), Chung (2020), and 
Thomas (2020). Another interesting aspect that can 
be looked at is how speakers of Madurese perceive 
Madurese vowels, especially the three central vowels 
which impressionistically sound similar. This 
perception study is important to do in order to see if 
there is a mismatch between production and 
perception in their realisations or if some speakers do 
not distinguish them at all. There have been a number 
of relevant studies that deal with these perception and 
production phenomena, for example Clopper and 
Dossey (2020), Gunter et al. (2020), Jacewicz and 
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